As the cellular phone becomes a dominant tool in everyday life, suspicions regarding biological influences it might have on the users become relevant. Many investigations were carried out using a direct approach [1] [2] [3] [4] as well as using statistical approach 5, 6 and most of them pointing out the influence that the radiated radio frequency may or may not have on the user. A different claim that has been recently heard is about an influence on the user of the static magnetic field induced by the phone. [6] [7] [8] [9] According to this claim, spatial gradients of the static magnetic field are induced in close proximity to the phone (within $25 cm around the phone), and the exposure to these gradients may be harmful. This claim is strong enough to drive researchers to perform experiments, develop unique patented tools, 10 and even to suggest and develop practical solutions to this effect. Before the rush towards solutions for this claim, there is a need to accurately describe the static magnetic field near the cellular phone and evaluate quantitatively the gradients if found. In this study, an experimental measurement accompanied by an analytical model of the induced static magnetic field near a cellular phone is presented. The induced magnetic field profile is described and some spatial induced gradients are indeed found. It should be noted that the possible biological influence such magnetic field gradients may or may not have on the user is beyond the scope of this research.
A Gauss/Tesla meter (Series 9950 produced by FW BELL) was used for the magnetic field measurements. The operating principle of the device is based on the Hall effect. The device probe allows measurement of a magnetic field in two perpendicular axes, parallel and perpendicular to the probe axis. According to the device specifications, it is sensitive to fields up to 0.1 lT. The accuracy of the device is 60:2 lT. In practice, a jitter of 60:2 lT was observed in the device readings. Also, a slow drift in the device reading of up to 2 lT was observed.
The experimental setup based on the Tesla meter is shown in Fig. 1 . The Hall probe was fixed in a mapping device allowing the probe a controllable movement in a straight line above the phone. The probe was moved in small steps and the magnetic field above the phone was recorded in 2 directions: along the probe axis and perpendicular to the probe, directed downwards towards the phone. The distance of the scanning line from the phone was 6.3 cm.
The measurement results are presented in Fig. 2. An influence of the phone on the magnetic field is seen in both of the measured directions. Variations of $65 lT are seen. The magnetic field gradient reaches $18 lT/cm.
In a second set of measurements, the phone was moved to a distance of 10 cm from the measuring line. Similar results were measured but with a lower amplitude of $20 lT in the magnetic field variations. The gradients in the magnetic field were also decreased to $3.5 lT/cm. The same measurements were carried out with other types of cell phones and similar results were measured.
Clearly, the cellular phone affects the static magnetic field in its surrounding environment. Two possible explanations are suggested: (1) The Earth's magnetic field aligns the magnetic dipoles of the cellular phone which in turn create a static magnetic field that was measured and (2) There is a small magnetism of the phone itself that is added to the earth magnetic field. An estimation of the first possibility is as follows.
The magnetizationM (magnetic dipole density) induced by a uniform magnetic field (¼magnetic flux density in vacuumB 0 ) can be approximated as 11 M ffi 3 4p
The total magnetic dipolem is given bym ¼MV in which V is the device volume. An ideal dipole is known 11 to generate a magnetic field of the form
In whichx is the relative position of the dipole with respect to the location of the probe andn ¼x jxj . The magnetic dipole of size m ¼ jmj has directionm ¼m m . The unit direction vector was parameterized using the standard spherical angles /; h such thatm ¼ sin h cos /; cos h cos /; sin / ð Þ . The data of Figure 2 were fitted to the dipole model and the best fit parameters are m ¼ 6685 lT cm Author to whom correspondence should be addressed. Electronic mail: einatm@ariel.ac.il. / ¼ À0.08 radians. Figures 3 and 4 show both experimental and theoretical data; it can be easily seen that there is an excellent matching.
We assume that the dimensions of the magnetized media are approximately the dimensions of the cellular phone: length 10 cm, width 4.8 cm, and height 1 cm. The volume of magnetized media is then V ¼ 48 cm 3 . Assuming that the magnetization is uniform and switching to CGS units, we arrive at M ¼ ). However, trying to match this value to the Earth's magnetic field B 0 ffi 0:5G through formula (1), we arrive at a value of l ¼ À2:28 which is clearly unphysical. We, thus, conclude that the mobile phone has a (low) permanent magnetization which is independent of the Earth's field.
In order to verify the above understanding, a few more measurements were made without scanning. The cell phone was positioned for magnetic field measurement close to the maximal readings and a reading was taken. Then, the phone was flipped over. If the assumption for induced field was right, no significant change was to be expected, but if self magnetism of the phone is the cause of the effect, the reading should significantly change. Indeed, a significant change was measured. Also, measurements were taken on a phone that was turned off and on a phone with the battery removed. Moreover, several phone models were checked. All these checks showed similar results.
Therefore, it is proven that the cellular phone indeed induces a static magnetic field and magnetic field gradients within $20 cm of its surrounding environment. The amplitude of the induced variations in the magnetic field is several tens of micro-Tesla.
This value can be compared to the magnetic field variations that will be applied to a moving person. For example, when a person is rotating his head, the Earth's magnetic field (that is assumed constant in direction and amplitude) will cause a variation and temporal change of the magnetic field in the person's head. Variations up to twice that of the Earth's magnetic field can be induced, that is up to $100 lT. Nevertheless, this effect, although similar in amplitude, is different in its nature. While rotating the head in a static constant magnetic field induces a temporal change in the magnetic field inside the head, that is constant along the head, the cell-phone induces a magnetic field that has a spatial gradient in the head but which is constant over time. This fundamental difference must be considered in this comparison.
According to the result, a major question remains: do the proven existing magnetic field gradients, at the magnitudes described above, have any affect on the human head? The answer to this question is left to further research.
